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Nitrate, a nonphotic signal for the circadian system. and Neurospora (1) (2) (3) . Light is the main environmental time cue (zeitgeber) for practically all circadian systems; however, they also respond to "nonphotic" zeitgebers, such as scheduled activity (4-6) or restricted feeding (7) (8) (9) (10) (11) (12) (13) (Fig. l#{192}) . Similarly, the magnitude of the phase shift
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To investigate
is much greater for the bioluminescence than for the aggregation rhythm (Fig. 1B) . The phase shifting effect of nitrate is dose dependent (Fig. 1C) and saturates for both rhythms at around 600 .tM, but at different levels (bioluminescence: h; aggregation: $max=#{176}4.2 h). Finally, nitrate also affects the circadian period in constant conditions. The dashed line in Fig. lB indicates the longer period of the glow rhythm of cells kept in F/2 medium containing approximately 800 j.tM nitrate. As for amplitude and phase, the effect of nitrate on period is different for the two rhythms. When ASW cultures are kept in the culture room for 1 wk and nitrate is added at the beginning of the experiment in constant conditions (Fig. 1D) , the glow rhythm is lengthened for more than 2 wk. The aggregation rhythm, however, is only initially lengthened, and thereafter adopts a shorter period, similar to the one both rhythms have when no nitrate is added to their ASW medium. This independence of the two periods leads to a desynchronization of the two rhythms that subsequently can even cross each other.
To test whether the timing of nitrate exposures within the circadian cycle is critical for the magnitude of the resulting phase shifts, we determined phase response curves (PRCs) for nitrate pulses (6 and 12 h). The resulting two PRCs are similar except for large differences in the early subjective day (Fig. 2) . not only an input pathway to the circadian system, but is also on the circadian output side, as shown for NR (Fig. 4) (e.g., the effect of light is greatest during the "subjective" night). The highest nitrate concentrations are normally found during the night, when the cells sink to a greater depth, and we find that the circadian system is least responsive to nitrate exposures during the subjective night (Fig. 2) 
